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Abstract 
Observed impact of carbon dioxide (CO2) emissions on the climate changes resulted in significant intensification of the research 
focused on the development of the technologies, which would enable CO2 capture from the flu gases and its safe storage in the 
adequately selected geological formations. The member countries of the European Union (UE-27) worked out special CCS (CO2 
Capture and Storage) directive concerning industrial application of this technology. It must be emphasized, that extremely 
important and difficult from the technical point of view is its final stage connected with CO2 storage process itself. The paper 
presents key geological problems, which may occur during above mentioned stage of CCS technology, it draws also attention on 
the problem of monitoring the locations selected for CO2 storage. It points out significant role of geophysical methods for 
effective application in this domain. 
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1. Introduction 
It is believed that the climate changes on earth, observed during last decade or so have direct impact on more 
frequent occurrence of the extreme phenomenon in different places of the earth. Theirs’ symptoms are: rising the sea 
levels, occurrence of the extreme meteorological phenomenon, glaciers’ regression but also changes in the 
productivity and quality of the crops and many more. They result in the concern of the society expressed in the mass 
media by the watchword: “intensification of the global warming”. Predominant is the opinion, that the main reason 
for the occurrence of above is the activity of the human being, which leads to the increase of the concentration of the 
gases colloquially defined as the greenhouse gases in the atmosphere [1]. Above effect is recognized through their 
continuously increasing emissions due to dynamic increase of the combustion of such hydrocarbons like coal, oil 
and natural gas. It can not be also neglected the influence of reduced sequestration of coal through the flora due to 
the deforesting of substantial territories of the globe and emissions of methane gas coming from the farming. In the 
years 1906 – 2005 average increase of the air temperature measured in the vicinity of the earth surface reached 0.74 
±0.18oC, and in Europe almost 10oC. According to the forecasts prepared by the Intergovernmental Panel on Climate 
Change – IPCC continuation of intensive activities of the people in XXI century can result in rising the average 
global temperature of the earth surface from 1.1 even up to 6.40C and intensification of above mentioned extreme 
phenomenon. For this reason in 1997 governments of many countries signed and ratified Kioto Protocol, aiming at 
reduction of greenhouse gases emissions. There is presently global political and public debate, especially intensive 
in the European Union, which concerns the activities driving to the reduction of the climate warming up rate [1]. 
Another very important aspect is the analysis of the impact of above activities on the individual economies and the 
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societies. There is also opinion opposite to above, which proves that observed climate changes are natural process 
developed by mutual interaction of the earth surface and its atmosphere, which is warmed up by the solar radiation 
with the variable cyclic intensity and that they can not be attributed exclusively to the humans. The opponents 
adduce mainly the evidence coming from the geological research, proving that the periodical changes of the climate 
were and still are fundamental feature of the earth’s climate throughout whole history of its evolution. There is no 
disagreement between those two groups however as far as the fact of partial increase of the emissions and 
concentration of the greenhouse gases and especially CO2 coming from the human’s activities is concerned. That is 
why it seems reasonable to undertake all sorts of activities, which would aim at reducing above emissions based on 
the principles of sustainable development and mitigation of eventual results of present global warming.  
Significant role in the development of the technologies reducing volume of emitted CO2 will be connected with 
the technology connected with its capture and storage in the suitably selected geological formations (CCS – CO2 
Capture and Storage) [8][9]. The process must be safe for the geological and natural environment on the ground 
surface, what will require application of advanced monitoring. That is why geological and geophysical aspects 
connected with these key processes will play considerable role in the implementation of CCS technology.  
 
2. The heart of the global warming effect   
 
The global warming effect is the phenomena caused by the ability of the circumterrestrial atmosphere to let the 
major part of short-wave solar radiation with its waves’ length 0.1–4 mm in and stopping the long-wave earth’s 
radiation with the waves’ length 4-80 mm. As a result of above phenomena earth’s surface and lower layers of its 
atmosphere are warmer.  The research in this domain indicates that if the earth was devoided of the atmosphere, 
temperature of its surface would be at the level of – 180C, whereas presently its average temperature is +150C. 
Thereby without above effect life on earth would not be established and could not evolve. Thus the layer of 
atmosphere creates kind of structure similar to the roof of the greenhouse, which let the visible light in and absorb 
energy coming out by the means of infrared radiation, stopping in this way the heat inside. That is why the warming 
effect is also called green house effect. The point of the problem is that so called greenhouse gases accumulated in 
the layers of circumterrestrial atmosphere intensify natural warming effect, which results in the increase of earth 
temperature. There are about 30 different greenhouse gases. The most important are: carbon dioxide, methane, 
nitrogen oxides, chlorofluorocarbons, ozone and also water steam. Fossil energy fuels – hard and brown coal, 
natural gas and oil – in the process of their combustion emit with different intensiveness different gases, including 
particularly carbon dioxide. The emission is the highest during the combustion of the brown and hard coal. Thus the 
power industry based on the coal has to face serious challenge of development the technology reducing value of the 
CO2 emissions and other gaseous substances [1].  
 
3. Role of coal as source of a energy in the global economy 
 
Coal is one of the most important primary energy carriers in the global economy. It takes predominant place as a 
source for the electricity production.  
The forecasts of International Energy Agency (IEA) presented below in table 1 confirm global increase in coal 
demand, which in the years 2000-2007 reached 31%. 
Table 1. Global coal consumption in (Mtoe) 
 
Years World  UE OECD 
2000 2364.3 316.2 1124.0 
2001 2384.8 316.3 1114.5 
2002 2437.2 314.9 1120.6 
2003 2632.8 325.2 1151.5 
2004 2805.5 320.1 1160.1 
2005 2957.0 311.3 1170.3 
2006 3090.1 318.9 1169.7 
2007 3177.5 317.9 1184.3 
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Source: BP Statistical Review of World Energy, June 2008 [2] 
Above status of coal as an energy carrier is caused by many following reasons: 
- more even geological location of the coal resources in the world comparing with other energy carriers, 
- clearly bigger coal resources and what results from this their higher sufficiency (globally for another 200 years), 
- higher safety of stable deliveries of coal fuel, 
- lower cost of production the electricity from the coal comparing with gas and oil, 
- possibility of further increase the economical efficiency and reducing the inconvenience of coal for the natural 
environment. 
 Above reasons make the coal, which was used for centuries as primary source of energy long lasting important 
energy carrier in the global energy economy. Coal is playing key role today in the fuel-energy balance of such 
countries like: China, India, USA, Japan, Republic of South Africa, Russia, Poland, Germany, Australia and many 
others. Some of above countries are the leading coal producers, and others just important coal consumers. The UE 
countries represented also by Poland are the third in the world largest coal consumers. It must be emphasized here, 
that EU coal production can fulfill only 57% of its demand. Poland is the largest European hard coal producer with 
Germany when brown coal is concerned.   
Unfortunately coal is recognized in the EUas a „dirty fuel” from the ecological point of view and fulfilling more 
and more restrictive environmental requirements is becoming big challenge both for the mining and energy sectors. 
Special attention is being paid on the reduction of CO2 emissions, recognized as a major greenhouse gas. One of the 
methods to reduce its emission is development and implementation of the CCS – CO2 Capture and Storage 
technologies. 
4. Characteristics of the CCS technology 
CCS technology, which presently at its stage of intensive development is meant to be an effective tool enabling 
for permanent and safe storage of captured carbon in deep geological formations. Its point is to separate and capture 
CO2 from the stream of the flu gases being released during different industrial processes, then to transport and 
storage it in inside appropriate geological formations [9]. The key stages of CCS technology were presented 
schematically on the figure 1 below.  
 
 
Fig. 1. Key stages of the CCS technology
The CO2 storage locations can be: depleted natural gas or oil fields, unmineable coal seams and saline aquifers of 
the water-bearing sandstones [8]. The last-one mentioned have the largest storage capacity and they are recognized 
as the most promising environment for effective underground CO2 storage. The mechanism of underground CO2 
storage is simplified thanks to the fact, that its density is significantly growing up with the depth of the injection and 
below critical depth, which is in most cases about 800m, where it is becoming supercritical fluid. It has much 
smaller volume then and can easier fill up spaces of underground reservoirs.  There are four principal mechanisms, 
which provide isolation of CO2 in deep geological formations [9]. They are being developed in different time 
horizons. The first-one of above is structural isolation connected with existence of non-permeable rock overburden, 
which makes the migration of CO2 from storage place impossible. The second mechanism consists in the isolating 
CO2 by the capillary forces inside the pores of rock formation. The third mechanism is the solution isolation, 
consisting in dissolving CO2 in the geological formation water. The fourth mechanism is mineral isolation consisting 
in chemical reaction of dissolved CO2 with the rock environment what results in creation new mineral compounds. 
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5. Geological conditions for underground CO2 storage 
Selection of optimal geological structure for CO2 storage must secure both: satisfactory storage capacity and its 
safety with reference to the geological environment underground and natural environment on the ground surface. 
Very important are also economical aspects including type of applied technology, distance of the CO2 emitting 
source from the storage place determining cost of transportation as well as legal and social aspects. From the 
geological point of view the principal factors, which must be analyzed are: geological, geo-thermical and hydro-
geological conditions. The geological structure must fulfill several conditions like: depth, volume, thickness of 
isolating overburden, tightness of the reservoir, permeability and porosity of the rocks, which determine its storage 
capacity for CO2, hydro-geological connections and many others [4][8]. The locations, which eliminate geological 
structures as the places for CO2 storage are: protected main underground water reservoirs, rock formations, which 
got into reaction with CO2, and those which contain important resources of various mineral resources.  
Safety criteria for underground CO2 storage cover also detailed recognition of potential geological structure with 
the aspect of identification its eventual ways of escape [6]. It can be caused by the leak of overburden layers, 
occurrence of cracks and fracture systems and faulting zones as well as by existing potable water intakes or 
completed oil or gas wells. CO2 leakages from its underground storage reservoirs may also happen through the 
leakiness in the injection and monitoring wells, as well as due to occurrence other circumstances. Figure 2 shows 
main potential roads of CO2 escape from its storage place [9].  
All above aspects are covered by the adequate EU Directive [5].  
 
 
 
Fig. 2. Example of potential leakage scenarios Source: Co2 GeoNet European Network of Excellence  
 
6. Geophysical exploration and monitoring of CO2 storage places 
The key role in the exploration of the geological structures considering their eventual suitability for CO2 storage 
locations is played by the geophysical methods and especially by the method of reflective seismic. Thanks to the 
innovative techniques of transmission and presentation of the results of seismic tests explored structure can be 
properly assessed with special focus on:  
   -  determination of the geometry of interesting sedimentary series and especially porous reservoir series and 
clay sealing layers, 
- identification of eventual faulting zones crossing sendimentary series, which can be potential ways for CO2 
leaking, 
- identification of optimal reservoir faces considering their porosity and permeability. 
Seismic data represent significant values for farther tests connected with elaboration the model of analyzed 
geological structure and for assessing its volume. Based on them decisions concerning location of the exploratory 
and exploitation wells are being made.   
Ensuring safe storage of CO2 i.e. identification of its eventual ways of leaking, is the key task of the operator, who 
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obtained the concession for its storage. Thus extremely important role is being played by monitoring both of the 
injection installation during its operation and the storage location together with its surrounding. Monitoring should 
be performed not only during the injection but also after finishing it [7]. The subject of monitoring first of all should 
be surface environment, but also periodically underground geological environment. The principal methods of 
surface monitoring are first of all geochemical methods consisting in direct measurements of CO2 concentration in 
the air, soil and in the soil water. Information on eventual surface deformations as a result of CO2 storage can be also 
obtained from the satellite and aerial photographs.   
Extremely important role in monitoring of CO2 storage places is being played by the group of so called indirect 
methods, where by the measurements of many physical parameters the assessment of the processes taking place in 
the rock environment can be made. Among them dominant position due to its properties have geophysical methods 
and especially seismic, electromagnetic and gravimetric methods. Images of the rock environment performed by the 
means of above methods, in different time give the basis for the analysis of the changes, which place in the structure 
of reservoir rocks under influence of CO2 storage. Figure 3 shows selected results of measurements made with the 
usage of reflective seismic conducted since 1996 in the Norwegian gas field “Sleipner” on the Northern Sea, where 
CO2 is being stored in the porous sandstones of Utsira geological formation [3]. 
As one can see there are visible changes caused by CO2 injection and storage confirming effectiveness of the 
process.  
  
 
Fig. 3. Seismic imaging to monitor the CO2 plume at the Sleipner pilot; bright seismic reflections indicate thin layers of CO2 
 
5. Conclusions 
1. CCS – CO2 capture and storage technology is one of the options for the reduction of CO2 emissions. Its key 
stage is CO2 storage in the suitable geological formations. Above process requires good examination of geological 
structures and defining reservoir parameters of selected structures as well as assessment of the risk connected with 
the CO2 storage.  
2. Geological aspect of the process requires solving many specialized tasks defined in the CCS directive, in 
order to make if economically feasible and safe for the natural environment on the ground surface, including the 
citizens and geological environment. 
3. Important role during the process of CO2 injection will play its monitoring and then location of injected 
CO2 plume what requires application of appropriate monitoring methods enabling up to date assessment of the 
safety and risk connected with eventual leakage of CO2.  
4. Significant role both in the examination of potential geological structures for CO2 storage purposes and its 
underground monitoring later on belongs to the geophysical methods especially considering their forecasting and 
technical features.   
5. CCS technology in case of its industrial scale application will have to face new challenges in the scientific-
research domain connected with its further development, and also in the domain of education the new technical 
specialists for the companies implementing this technology. 
           Before injection                               2.35 Mt CO2                                4.36 Mt CO2                                  5.0 Mt CO2         
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